DESCRIPTION 
Retroreflective Sheeting Provided with Destructive Layer 

5 Technical Field 

This invention relates to a retroreflective sheeting having 
novel construction. More specifically, the invention relates to a 
retroreflective sheeting characterized in that a destructive layer is 
provided therein as a part thereof. 

10 Still more specifically, the invention relates to a retroreflective 

sheeting which is provided with a destructive layer, the sheeting 
comprising at least a surface layer, retroreflective element layer and 
an adhesive layer, characterized in that at least one destructive layer 
is provided between the layers constituting the retroreflective 

15 sheeting, the resin constituting said destructive layer being alicyclic 
polyolefin resin or alicyclic acrylic resin; and when the retroreflective 
sheeting which is once stuck on a substrate is peeled off from the 
substrate, the peeling takes place at the interface of the destructive 
layer and the layer which is in intimate contact therewith, or by 

20 destruction of the destructive layer. 

The invention relates to a retroreflective sheeting provided 
with a destructive layer, which is useful for signs such as traffic signs 
and construction signs! number plates on vehicles such as cars and 
motorcycles; safety materials such as clothing and life preservers; 

25 marking on signboards; various kinds of authentication stickers; 

reflector plates in visible light", laser light", or infrared light-reflection 
type sensors; and the like. 

Still more specifically, the invention relates to a retroreflective 
sheeting to be used in various kinds of authentication stickers, which, 

30 when it is peeled off from a substrate to which it was once adhered, in 
an attempt to use it for other purposes, it is broken because of the 
destructive layer provided as a part thereof to render its reuse 
impossible. (This effect may be hereafter referred to as tampering 
preventing effect or re-peeling preventing effect.) 

35 More specifically, the invention aims at providing a 
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retroreflective sheeting in which a destructive layer is provided, 
which is useful for making tampering preventing stickers durable 
under use at high temperatures over time and capable of maintaining 
stable tampering preventing effect. 

5 

Background Art 

Retroreflective sheeting which reflects entering light toward 
its light source is well known heretofore, and the sheeting utilizing its 
retroreflectivity has been widely used in the fields of application as 

10 above-named. In particular, adoption of retroreflective sheeting for 
various kinds of authentication stickers is increasing in recent years. 

As such retroreflective sheeting, enclosed lens-type 
retroreflective sheeting and encapsulated lens-type retroreflective 
sheeting using micro-glass beads on which a specular reflective layer 

15 is provided, are well known. 

Examples of enclosed lens-type retroreflective sheeting are 
disclosed in detail in JP Sho59(l984)-71848A (corres. to US Patent 
Nos. 4,721,694 and 4,725,494) to Belisle, which are to be referred to 
for specific disclosures. Examples of encapsulated lens-type 

20 retroreflective sheeting are disclosed in detail in JP Sho40 
(1965)-7870B (= U. S. Patent No. 3,190,178) to McKenzie, JP 
Sho52(l977)-110592A (= U. S. Patent No. 4,025, 159) to McGrath, and 
JP Sho62(l987)-121043A(=U. S. Patent No. 5, 064, 272) to Bailey, et 
al, which are to be referred to for specific disclosures. 

25 Furthermore, various techniques have been proposed for 

prevention of tampering of such retroreflective sheeting. 

International Publication WO 01/02883 to Bacon discloses 
provision of novel removable retroreflective sheeting whose adhesive 
layer adjacent to the specular reflective layer comprises an 

30 organofunctional coupling agent. However, according to the 

technology as disclosed in said patent, in the occasion of the removal, 
the specular reflective layer remains on the side of those micro-glass 
beads to retain retroreflectivity of the sheeting and can be re-used 
when a new adhesive layer is laminated thereon. This is undesirable 

35 from the standpoint of preventing tampering. 
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Also JP Heil0(l998)-512818A to Faykish discloses a security 
laminate comprising 

(a) protective layer having first and second surfaces; 

(b) embossed layer bonded to at least a portion of the second 
5 surface of the protective layer; 

(c) reflective layer bonded to at least a portion of the embossed 
layer/protective layer composite; 

(d) adhesion enhancing layer bonded to a portion of the 
reflective layer/embossed layer/protective layer composite; and 

10 (e) adhesive bonded to at least a portion of the adhesion 

enhancing layer/reflective layer/embossed layer/protective layer 
composite 

wherein the bond between the reflective layer and the 
adhesion enhancing layer and the bond between the adhesion 
15 enhancing layer and the adhesive are each more tenacious than the 
bond between the reflective layer and embossed layer and further 
wherein the bond between the adhesive and the adhesion enhancing 
layer is more tenacious than the bond between the adhesive and 
reflective layer. 

20 The invention discloses to cause destruction of the security 

laminate by partial installment of reflective layer as a part of 
hologram, adhesive layer and adhesion enhancing layer, to achieve 
tampering-prevention effect. However, it discloses nothing about 
tampering-preventing technology relating to retroreflective sheeting. 

25 

Disclosure of the Invention 

Various authentication stickers using the above retroreflective 
sheeting are finding increasing utility particularly as reflective 
stickers to be stuck on vehicles, because of their excellent visibility at 
30 night. 

For example, on stickers which are called third plates, same 
vehicle registration numbers as those given on number plates of cars 
are printed. Such a third plate is stuck on the inner side of a vehicle 
window and is useful to prevent theft of the number plate mounted on 
35 outer side of the vehicle. 



Use of the retroreflective sheeting for "validation" stickers 
certifying payment of vehicle tax (road fund license), which also are 
stuck on the inner side of vehicle windows similarly to third plates, is 
also increasing. 

Furthermore, also for utilities other than vehicles, 
retroreflective sheeting which has very complex structure is less 
easily available and more difficult of forgery compared to stickers 
made of ordinary paper or plastic sheet or stickers with hologram 
layer, and for this reason is often used for authentication stickers or 
the like. 

However, attempts to tamper authentication stickers used for 
such purposes are occurring by peeling them off from the originally 
stuck places and putting tern to other usages, and drawing attention 
as a problem to be solved. 

An object of the present invention is to provide retroreflective 
sheeting which achieves tampering-preventing effect or re-peeling 
—preventing effect, by rendering traces of peeling once stuck 
authentication sticker off clearly recognizable, when the once stuck 
authentication sticker is peeled off. 

Moreover, where a retroreflective authentication sticker as 
above is mounted on, for example, a glass window of a vehicle, even 
when it is provided with a tampering-preventing layer, there is a 
problem that the action of said layer tends to be deteriorated in long 
use, as it is exposed to sunlight and high temperature. 

The present invention aims at provision of 
tampering-preventing stickers which are resistant to such prolonged 
use under high temperatures and are capable of maintaining stable 
tampering-preventing effect. 

As an example of enclosed lens-type retroreflective sheeting 
structure useful for the present invention, a retroreflective sheeting 
comprising, by the order seen from the front side of the sheeting, a 
surface layer, binder layer, micro-glass beads, focusing layer, specular 
reflective layer and an adhesive layer can be cited. For the use by 
adhering it onto inside surface of glass or the like, the adhesive layer 
may be provided on the surface layer. 
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Also as an example of encapsulated lens-type retroreflective 
sheeting structure useful for the present invention, a retroreflective 
sheeting comprising, by the order seen from the front side of the 
sheeting, a surface layer, air layer, micro- glass beads, specular 
5 reflective layer, binder layer, support layer and an adhesive layer can 
be cited. Said surface layer and binder layer are partially bonded, 
taking a hermetically sealed cellular structure to form an air layer. 
Where the sheeting is to be adhered onto inside surface of glass or the 
like, the adhesive layer may be provided on the surface layer. 

10 It is also preferable to supply these retroreflective sheetings 

useful for the present invention in an embodiment of exposing the 
specular reflective layer, to enable addition of various functions to 
inside the reflective sheetings. 

For utilities which require processing of the specular reflective 

15 layer, the sheetings are preferably in embodiments free of an adhesive 
layer. After processing the specular reflective layer, an adhesive 
layer can be provided in the manner suitable for intended utility. 

Examples of the resin useful for the surface layer, support 
layer and binder layer in the retroreflective sheetings as 

20 above-described include, acrylic resin, methacrylic resin, alkyd resin, 
polyester resin, polyurethane resin, epoxy resin, polystyrene resin, 
polyvinyl chloride resin and polyvinyl ether resin, while useful resins 
are not limited thereto. Of these, acrylic resin is particularly 
preferred. 

25 Examples of the resin useful for the adhesive layer in the 

retroreflective sheeting as above-described include acrylic resin, 
methacrylic resin, alkyd resin, polyester resin, polyurethane resin, 
epoxy resin, silicone resin, natural rubber, synthetic rubber and 
polyvinyl ether resin, while useful resins are not limited thereto. Of 

30 these, acrylic resin is particularly preferred. 

Examples of the specular reflective layer useful for the 
retroreflective sheeting as above-described include aluminum, silver, 
nickel and copper, while not limited thereto. Of these, aluminum is 
particularly preferred because of light sheeting appearance. 

35 The retroreflective sheeting provided with a destructive layer 



according to the invention is a retroreflective sheeting comprising at 
least a surface layer, retroreflective element layer and adhesive layer, 
which is characterized in that at least one destructive layer is 
provided between those layers constituting the retroreflective 
sheeting, that the resin constituting the destructive layer is alicyclic 
polyolefin resin or alicyclic acrylic resin, and in the occasion of peeling 
the retroreflective sheeting once stuck on a substrate off from the 
substrate, that the peeling takes place by interfacial separation of the 
destructive layer from a layer which is in intimate contact therewith 
or destruction of the destructive layer. 

The position at which the destructive layer is installed is not 
subject to specific limitation, but it must be installed in such a 
manner as, when the retreflective layer once stuck on a substrate is 
peeled off from the substrate, the peeling takes place by interfacial 
separation of the destructive layer from a layer which is in intimate 
contact therewith or destruction of the destructive layer. 

In particular, with respect to enclosed lens-type retroreflective 
sheeting and encapsulated lens-type retroreflective sheeting, 
provision of the destructive layer between micro-glass beads and the 
specular reflective layer is preferred for the purpose of prevention of 
tampering, because such a sheeting loses its retroreflectivity after its 
peeling off. 

Furthermore, any of the layers constituting the sheeting may 
be same as the destructive layer, so long as the sheeting is so formed 
that its peeling from the substrate to which it was stuck once, takes 
place by interfacial separation of the destructive layer from the layer 
in intimate contact therewith or by destruction of the destructive 
layer. 

In particular, a printed layer may be given the breakable 
property according to the present patent, which is installed on upper 
surface or lower surface of the protective layer either partially or over 
the whole, depending on necessity of individual occasion. Or a part 
of a multi-colored printed layer may be used as the destructive layer. 
The structure of using the printed layer as the destructive layer is 
preferred for easy visual determination whether the sheeting has 
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been peeled off. 

Thickness of the destructive layer can be suitably determined 
according to the position of its installation. Normally preferred 
thickness may range, for example, 0.1 - 100 |im. With a reflective 

5 sheeting in which the destruction takes a form of interfacial 

separation of the destructive layer from the layer in intimate contact 
therewith, the destructive layer is not required to be very thick, which 
preferably ranges 0.1-10 |am, in particular, 0.1-5 jam. When the 
peeling off is to be done by destruction of the destructive layer, 

10 preferred thickness ranges 1 - 100 ^im, in particular, 5-50 \xm. 

Where the thickness is less than 0.1 jam, the destructive layer does 
not function satisfactorily and peeling becomes incomplete. Whereas, 
when the thickness exceeds 100 (xm, such inconveniences are invited 
that destruction is apt to take place before adhesion of the sheeting to 

15 substrate or that deformation at the site of the destructive layer tends 
to occur during transportation or storage. 

As a method for providing the destructive layer, coating, 
printing, lamination or spraying method can be suitably adopted. 

The resin useful for the destructive layer is alicyclic polyolefin 

20 resin or alicyclic acrylic resin, which should be adequately selected 
according to the form of destruction. 

Cyclopentane resins useful for constituting the destructive 
layer include cyclopentane resin (formula la), bicyclopentane resin 
(formula lb) and cyclopentanorbornene resin (formula lc) as given in 

25 the following! and viny Icy clop entane resins include vinylcyclopentane 
resin (formula 2a), vinylcyclopentanorbornene resin (formula 2b); or 
cyclohexadiene resin (formula 3a) or cyclohexane resin (formula 3b)- 




(la) 




As alicyclic acrylic resins constituting the destructive layer, 
methacrylic acid ester resin (formula 4 below) is preferred. 
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(4) 



Cyclopentane resin (above formula la) is normally obtained 
through the steps of forming an intermediate polymer by subjecting a 
cycloolefin such as norbornene, dicyclopentadiene, tetracyclododecene 

5 or the like to ring-opening polymerization in the presence of a 

metathesis catalyst comprising a transition metal compound such as 
tungsten or molybdenum and alkylaluminum; and saturating the 
double bonds in the intermediate polymer by hydrogenation. As a 
commercial product, ZEONEX (tradename, Zeon Corporation) can be 

10 used. 

It is particularly preferred that the substituent R 1 in the above 
cyclopentane resin (above formula la) is hydrogen or cyclohexyl group. 
A structure wherein two substituents are both hydrogen shows 
increased crystallinity and its transparency tends to decrease. When 

15 the substituent R 1 is hydrogen or cyclohexyl, an amorphous polymer 
is formed which has improved transparency and is particularly 
preferred for use as the destructive layer of the present invention. 

Vinylcyclopentane resin (above formula 2a) and 
vinylcyclopentanorbornene resin (above formula 2b) are usually 

20 obtained through the steps of subjecting norbornene derivatives 

having methacrylic side chains, which are obtained from norbornene 
and methyl methacrylate, to ring-opening polymerization using 
tungsten-aluminum compound catalyst to form an intermediate 
compound, and saturating vinyl groups in the intermediate compound 

25 by hydrogenation. Such compound has ester group structure and 
tends to have relatively high intimate adherability to other resin 
layers or specular reflective layer which constitute the retroreflective 
sheeting. As commercial product, ARTON (tradename, JSR 
Kabushiki Kaisha) can be used. 

30 The substituents R 2 and R 3 in these vinylcyclopentane resin 

(above formula 2a) and vinylcyclopentanorbornene resin (above 
formula 2b) can be selected from hydrogen (-H), methyl (-CH3), cyano 
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(-CN), methoxycarbonyl (-COOCH3), ethoxycarbonyl (-COOC2H5), 
cyclohexyloxycarbonyl (-COCKc-CgHs) and rrbutoxycarbonyl 
(-COO(n-C4H9)). Use of these is particularly preferred to secure 
favorable optical characteristics such as transparency and refractive 
5 index, and heat resistance. 

Furthermore, particularly preferred cyclohexadiene resins 
(above formulae 3a and 3b) are poly-l,3-cyclohexadiene resin and 
polycyclohexane resin. These cyclohexadiene polymers are obtained 
through living anionic polymerization of 1,3-cyclohexadiene, using a 

10 catalyst comprising alkyl lithium and amine compound. In 

particular, poly-l,3-cyclohexadiene resin is preferred in respect of 
heat resistance. 

Preferred alicyclic acrylic resins are methacrylic acid ester 
polymers (above formula 4), in particular, copolymers of tricyclodecyl 

15 methacrylate and methyl methacrylate. As commercialized product, 
OPTOREZ OZ-1000 (tradename, Hitachi Chemical Co., Ltd. can be 
used. Copolymers of benzyl methacrylate, tricyclodecaniel 
methacrylate and methyl methacrylate, which show high heat 
resistance, can also be used. 

20 It is preferred to suitably adjust molecular weight and 

crosslinking density of these resins useful for the destructive layer, so 
as to facilitate occurrence of peeling upon destruction of the layer. 

Adequate molecular weight ranges, as converted to molecular 
weight of styrene, 1,000 - 100,000, preferably 5,000 - 50,000. The 

25 molecular weight must be suitably adjusted by molecular structure or 
polymerization method. 

It is also possible to reduce cohesive force of the destructive 
layer by addition of other resin(s) to the resin constituting the 
destructive layer. As resin which can be used for that purpose, 

30 various cellulose compounds such as cellulose acetate butyrateJ and 

various waxes such as aliphatic hydrocarbon wax, fatty acid ester wax, 
saturated aliphatic acid wax, saturated alcohol wax and metallic soap 
can be named. 

As examples of aliphatic hydrocarbon wax, polyethylene wax, 
35 polypropylene wax, microcrystalline wax, paraffin wax and 
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fischertrops wax can be named. Examples of fatty acid ester wax 
include sazole wax, montanic acid ester wax, carnauba wax, rice wax, 
bees wax and candelilla wax. Examples of saturated aliphatic acid 
wax include stearic acid and montanic acid. Examples of saturated 
5 alcohol wax include stearin alcohol and behenyl alcohol. As 

examples of metallic soap, calcium stearate and zinc stearate can be 
named. These waxes can be added in an amount ranging from 1 - 
100 parts by weight. 

Furthermore, preferably light-transmissive, organic or 

10 inorganic filler may be added to the above resin(s). Examples of 

useful inorganic filler include glass powder, silicon dioxide, titanium 
dioxide, aluminum hydroxide and magnesium hydroxide. Examples 
of organic filler include acrylic resin powder and the like. 

Preferred particle size of such fillers ranges from 0.1 to 5 ^im, 

15 and their preferred amount of addition ranges 1 - 100 parts by 
weight. 

In the reflective sheeting wherein the destruction is caused by 
interfacial peeling of the destructive layer from a layer in intimate 
contact therewith, silicone resin, fluorine-containing resin or the like 
20 may be used each singly, or as mixed with above-named resin(s) which 
are useful to form the destructive layer. 

Preferably, ultraviolet absorber, antioxidant and light 
stabilizer are added to the destructive layer to impart thereto 
durability or weatherability. 
25 Examples of useful ultraviolet absorber include benzophenone 

UV absorber, salicylate UV absorber and benzotriazole UV absorber. 

Examples of useful antioxidant include phosphorus 
antioxidant, sulfur antioxidant and phenolic antioxidant. 

Examples of useful light stabilizer include hindered amine 
30 light stabilizers. 

The retroreflective sheeting provided with a destructive layer 
according to the present invention comprises a surface layer and 
retroreflective element layer, characterized in that at least one 
destructive layer is provided between those layers constituting the 
35 retroreflective sheeting, that the resin constituting the destructive 



12 

layer is alicyclic polyolefin resin or alicyclic acrylic resin and , where 
an adhesive layer is further provided in the retroreflective sheeting to 
adhere the latter to a substrate and when the sheeting is peeled off 
from the substrate later, that the peeling takes place by interfacial 
5 separation of the destructive layer from a layer in intimate contact 
therewith and/or by destruction of the destructive layer; or the 
sheeting comprises at least a surface layer, retroreflective element 
layer and adhesive layer, characterized in that at least one 
destructive layer is provided between the layers constituting the 

10 retroreflective sheeting and when the sheeting is peeled off from the 
substrate onto which the sheeting was adhered once, the peeling 
takes place by interfacial separation of the destructive layer from a 
layer which is in intimate contact therewith and/or by destruction of 
the destructive layer. 

15 In order to accomplish such peeling mechanism, the peeling 

strength between the destructive layer made of the specified resin(s) 
and said another layer which is in contact with the destructive layer 
must be designed to be less than that between those other layers 
constituting the sheeting. 

20 Measurement of peeling strength is normally conducted by the 

method as specified by JIS Z0237. 

In reflective sheeting in general, the adhesive (tackifier) to 
adhere the sheeting to substrate is designed to have the least peeling 
strength, which is, taking an example of aluminum substrate, 5-20 

25 N/25 mm. 

Alicyclic side chain or main chain structure constituting 
alicyclic polyolefin resin or alicyclic acrylic resin which form the 
destructive layer according to the invention can lessen the peeling 
strength from resin(s) constituting said other layers or from the 

30 metallic layer used for the specular reflective layer. 

Peeling strength of the destructive layer according to the 
invention is preferably designed to be 0.1 - 15 N/25 mm. 

It is undesirable that the peeling strength is less than 0.1 N/25 
mm, which is apt to cause destruction at the destructive layer before 

35 the sheeting is adhered to substrate or cause deformation at the 
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destructive layer during transportation or storage. 

Again, when the peeling strength exceeds 15N/25 mm, peeling 
at the destructive layer becomes difficult to reduce tampering- 
preventing effect, which is undesirable. 
5 It is particularly preferred that the destructive layer which is 

provided in the retroreflective sheeting of the present invention has a 
glass transition point (Tg) in the range of 90 - 190°C, in consideration 
of the maximum temperature conceivable for the environments under 
which the sheeting is used. It is undesirable for the layer to have a 

10 glass transition point less than 90°C, because the resin used for the 
destructive layer may undergo glass transition depending on 
environmental conditions of its use, increasing the adhesion strength 
of the layer undergoing the transition to other layer(s) or causing 
thermal deformation of the destructive layer itself. Whereas, resins 

15 having glass transition point exceeding 190°C have complex resinous 
structures which reduce their solvent-solubility in the occasion of 
providing the destructive layer, which also is undesirable. 

It is also preferred for the destructive layer to be provided in 
the retroreflective sheeting according to the present invention, to 

20 have a total light transmission of 75 -99%. Total light transmission 
less than 75% is undesirable because of reduced retroreflectivity. 

When alicyclic polyolelfin resin or alicyclic acrylic resin is used 
as the resin constituting the destructive layer provided in the 
retroreflective sheeting of the present invention, due to their alicyclic 

25 structure resin having total light transmission exceeding 75% can be 
easily obtained. 

Furthermore, alicyclic polyolefin resin or alicyclic acrylic resin 
which are used to form the destructive layer in the present invention 
have been normally used for optical utilities in general and are 
30 particularly preferred for the retroreflective sheeting of the present 
invention for use in the authentication stickers to prevent tampering. 

The retroreflective sheeting provided with a destructive layer 
according to the present invention comprises at least a surface layer, 
retroreflective layer and an adhesive layer, in which at least one 
35 destructive layer is provided between those layers constituting the 
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retroreflective sheeting, said destructive layer being made of alicyclic 
polyolefin resin or alicyclic acrylic resin, and, when the retroreflective 
sheeting once stuck on a substrate is then peeled off from the 
substrate, the peeling takes place either by interfacial separation of 
5 the destructive layer from a layer which is adjacent to the destructive 
layer or by destruction of the destructive layer. 

Because the peeling strength of the destructive layer in the 
present invention is designed to fall within a range of 0.1 - 15N/25 
mm, above peeling is designed to take place in the most desirable 
10 form. 

Brief Explanation of drawings 

Fig. 1 is a sectional view showing an example of known 
enclosed lens-type retroreflective sheeting structure. 
15 Fig. 2 is a sectional view showing another example of known 

enclosed lens-type retroreflective sheeting structure. 

Fig. 3 is a sectional view showing a preferred embodiment of 
enclosed lens-type retroreflective sheeting lacking an adhesive layer 
and being provided with a destructive layer according to the present 
20 invention. 

Fig. 4 is a sectional view showing a preferred embodiment of 
enclosed lens-type retroreflective sheeting in which a destructive 
layer is provided according to the present invention. 

Fig. 5 is a sectional view showing another preferred 
25 embodiment of enclosed lens-type retroreflective sheeting in which a 
destructive layer is provided according to the present invention. 

Fig. 6 is a sectional view showing still another preferred 
embodiment of enclosed lens-type retroreflective sheeting in which a 
destructive layer is provided according to the present invention. 
30 Fig. 7 is a sectional view showing still another preferred 

embodiment of enclosed lens-type retroreflective sheeting in which a 
destructive layer is provided according to the present invention. 

Fig. 8 is a sectional view showing a preferred embodiment of 
encapsulated lens-type retroreflective sheeting in which the 
35 destructive layer is provided according to the present invention. 
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Working Embodiments of the Invention 

Preferred embodiments of the present invention are explained, 
referring to the drawings. 

Fig. 1 shows an example of known enclosed lens-type 
retroreflective sheeting structure, which is shown for comparison with 
the present invention. 

The retroreflective sheeting is composed of, from the top, a 
surface layer (l), printed layer (2) provided at a lower part the surface 
layer, holding layer (3) for holding many micro-glass beads (4), 
focus -adjusting layer (5) which is provided for effectively 
retroreflecting entering light, and a specular reflective layer (6) for 
specularly reflecting the light, the layers (3 - 6) constituting a 
retroreflective element layer, and the sheeting is adhered by means of 
an adhesive layer (7) which is provided on the back of the specular 
reflective layer (6). 

Fig. 2 shows another example of a known enclosed lens-type 
retroreflective sheeting structure which is shown for comparison with 
the present invention. 

The retroreflective sheeting is stuck on a light-transmissive 
substrate by a light-transmissive adhesive layer (9) which is provided 
on the surface of the sheeting. 

Fig. 3 shows a preferred embodiment of an adhesive layer-free, 
enclosed lens-type retroreflective sheeting in which a destructive 
layer is provided according to the present invention. 

A light-transmissive destructive layer (ll) is provided between 
a focus-adjusting layer (5) and specular reflective layer (6). As 
further illustrated in Fig. 4, an adhesive layer is further provided on 
the retroreflective sheeting. After the sheeting is stuck on a 
substrate (8) via the adhesive layer (7) which is provided on the rear 
surface of the sheeting, when peeling of the sheeting is attempted, the 
peeling takes place at the destructive layer to cause separation of the 
micro-glass beads from the specular reflective layer, and the sheeting 
loses its retroreflective performance. 

Fig. 4 shows an embodiment of Fig. 3 to which an adhesive 
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layer is provided. A light-transmissive destructive layer (ll) is 
provided between the focus -adjusting layer (5) and the specular 
reflective layer (6). The sheeting is stuck on a substrate (8) via the 
adhesive layer (7) which is provided on the rear surface thereof. In 
5 the occasion of peeling this sheeting off, the peeling takes place at the 
destructive layer to separate the micro-glass beads from the specular 
reflective layer, and the sheeting loses its retroreflective performance. 

Fig. 5 shows another favorable embodiment of enclosed 
lens-type retroreflective sheeting which is provided with a destructive 

10 layer according to the present invention. 

A light-transmissive destructive layer (ll) is installed between 
a focus-adjusting layer (5) and specular reflective layer (6), and the 
sheeting is stuck on a transparent substrate (8) via an adhesive layer 
(9) provided on the front surface thereof. In the occasion of peeling 

15 this sheeting off, the peeling takes place at the destructive layer (ll) 
to separate the micro-glass beads from the specular reflective layer, 
and the sheeting loses its retroreflective performance. 

In this embodiment, the specular reflective layer (6) is 
protected from exposure by the adhesive layer (7) provided on the rear 

20 surface and a back protective layer (10). 

Fig. 6 shows still another favorable embodiment of enclosed 
lens -type retroreflective sheeting provided with a destructive layer 
according to the present invention. 

The light-transmissive destructive layer (ll) is provided 

25 between the adhesive layer (7) and the specular reflective layer (6), 
and the sheeting is stuck on the substrate (8) via the adhesive layer 
(7) provided on the rear surface thereof. When this sheeting is 
peeled off, the peeling takes place at the destructive layer (ll). In 
that occasion, the specular reflective layer (6) is partially torn as 

30 pulled by the destructive layer (ll), and retroreflective performance of 
the sheeting is heavily damaged to a level unfit for practical use. 

Fig. 7 shows another favorable embodiment of enclosed 
lens-type retroreflective sheeting provided with a destructive layer 
according to the present invention. 

35 The retroreflective sheeting according to the present invention 



17 

is composed of a surface layer(l), destructive layer (11) provided on 
top of the surface layer, holding layer (3) to hold many micro-glass 
beads (4), focus- adjusting layer (5) which is provided for effectively 
retroreflecting entering light and a specular reflective layer (6) for 
specularly reflecting light, in which the layers (3 - 6) constitute a 
retroreflective element layer which is adhered to a back-protective 
layer (10) which protects the specular reflective layer, via the 
adhesive layer (7). Also the surface layer (l) is stuck on a 
transparent substrate (8) by another adhesive layer (9). 

In the embodiment as illustrated in Fig. 7, a destructive layer 
(11) may be provided by printing. Its peeling strength is designed to 
be less than that of the adhesive layer (9). When the sheeting is 
peeled off, the peeling is designed to take place either by destruction 
of, or interfacial separation at, the destructive layer (ll), to leave 
clear trace or proof of the peeling off. 

Fig. 8 shows another favorable embodiment of encapsulated 
lens-type retroreflective sheeting provided with a destructive layer 
according to the present invention. 

From the top of the drawing, a protective layer (20), air layer 
(21), binder layer (24) holding many micro-glass beads (22), support 
layer (25) to support the binder layer and specular reflective layer (23) 
which specularly reflects light, said layers (21 - 25) constituting a 
retroreflective element layer, adhesive layer (26) provided on the rear 
surface of the sheeting and a substrate (27) to which the sheeting is to 
be stuck, are shown. 

In Fig. 8, the binder layer (24) is designed to have a peeling 
strength less than that of the adhesive layer (26), so that the binder 
layer acts as a destructive layer when the retroreflective sheeting 
once stuck on the substrate is peeled off. The peeling takes place at 
the binder layer, and the function of retroreflective sheeting is lost. 

Examples 

Hereinafter the present invention is explained still more 
specifically, referring to working examples. 
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Retroreflective sheetings according to the present invention 
were evaluated by the following test methods. 

1) Peeling strength 

In an embodiment wherein an adhesive layer was provided on 
5 the specular reflective layer side, 2 mm-thick aluminum plate was 
used as the substrate to which each retroreflective sheeting to be 
tested was adhered, and in an embodiment wherein an adhesive layer 
was provided on the surface layer side, an acrylic resin plate was used. 
Release paper on each retroreflective sheeting to be tested was peeled 
10 off, and the test piece was stuck on the substrate with a 2 kg-roller 
following JIS Z0237, thereafter stored for 3 days under the conditions 
of temperature, 23°C and relative humidity, 60%. Peeling strength 
of so stuck sheetings was measured in accordance with JIS Z0237. 

2) Peeled state 

15 The site of peeling off and the peeled state of those test pieces 

after the above test were visually observed, and the appearance was 
evaluated according to the following standard; 



Rank 


Peeled State 


A 


Peeling took place at the destructive layer. 


B 


Partial peeling took place at the destructive layer. 


C 


Peeling did not take place at the destructive layer, or the 
retroreflective sheeting was torn. 



20 3) Retroreflection performance test 

Test pieces of 100 mm x 100 mm size each were measured of 
their retroreflective performance from the substrate side surface, with 
retroreflection performance tester, "Model 920" manufactured by 
Advanced Retro Technology Co. The measurements were made 5 

25 times following JIS Z'9117, at an angular conditions of observation 
angle of 0.2° and entrance angle of 5°, and the average values were 
shown as the retroreflection performance. 
4) Heat resistance test 

The test pieces as stuck on the aluminum plate, as used in the 

30 peeling test, were given a heat-treatment in a hot air current dryer 
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whose temperature was controlled to 80°C. for 20 days. 
Example 1 

On the surface layer of a 38 jim-thick transparent polyethylene 
5 terephthalate film (SEW-38, tradename, Teijin Limited), a trademark 
logo of 7 mm in diameter was gravure printed using a printing ink 
formed by agitation-mixing 100 parts by weight of vinyl chloride -vinyl 
acetate copolymer (VC MEDIUM S, tradename, Dainippon Ink And 
Chemicals Incorporated) with 6.5 parts by weight of a colorant formed 

10 by mixing said VC MEDIUM S with carbon black (VC SUMI, 

tradename, Dainippon Ink And Chemicals Incorporated), which was 
dried to provide a printed layer of about 1 jam in thickness. 

Successively a mixture of 100 parts by weight of an acrylic 
resin solution (RS-3100, tradename, Nippon Carbide Industries Co., 

15 Inc.) with 12 parts by weight of an isocyanate crosslinking agent 

(SUMIJULE N-75, tradename, Sumitomo Bayer Urethane Kabushiki 
Kaisha), which was formed by agitation, was applied onto the 
underside surface of the printer layer and dried to provide a 18 
|Lim-thick holding layer. On this holding layer micro-glass beads 

20 (U-052, tradename, Kabushiki Kaisha Union) having a refractive 
index of 2.20 and an average particle diameter of about 35 \im were 
embedded to a depth by about one-half of the micro-glass bead 
diameter. 

Then on the micro-glass bead-embedded surface, a resin 
25 solution formed by mixing and stirring 100 parts by weight of an 
acrylic resin solution (RS-5000, tradename, Nippon Carbide 
Industries Co., Inc.) with 5.5 parts by weight of a melamine 
crosslinking agent (MS- 11, tradename, Sanwa Chemical Kabushiki 
Kaisha) was applied, and dried to provide a focus-adjusting layer 
30 having an average thickness of 14 jum. 

On the focus-adjusting layer, a mixed and stirred 10 wt% 
toluene solution of alicyclic polyolefin resin (ARTON D4532, 
tradename, JSR Kabushiki Kaisha) was applied and dried to provide 
a destructive layer of 0.5 jam in average thickness. 
35 On the surface of this destructive layer aluminum of purity not 
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lower than 99.99% was deposited by vacuum evaporation method to 
provide a 0.1 jam-thick specular reflective layer, thus making an 
intermediate product 1. 

Separately, an adhesive sheet 1 was prepared by applying onto 
5 a release paper (E2P-L-PE (P), tradename, LINTEC Corporation) a 
mixture formed by stirring together 80 wt parts of an acrylic tackifier 
(KP-1818, tradename, Nippon Carbide Industries Co., Inc.) with 20 wt 
parts of another acrylic tackifier (KP-1656, tradename, Nippon 
Carbide Industries Co., Inc.) and 0.76 wt part of a chelate-type 

10 crosslinking agent (CK-401, tradename, Nippon Carbide Industries 
Co., Inc.), and drying the same to provide an adhesive layer of 40 fim 
in thickness. 

This adhesive sheet 1 and the vapor-deposited 
aluminum-covered surface of the intermediate product 1 were stuck 

15 together to provide a retroreflective sheeting 1 according to the 

present invention. The retroreflective sheeting 1 was stuck on a 2 
mm-thick aluminum plate for performance measurement, which was 
used as the test piece 1 for the peeling test. 

20 Example 2 

Onto the front plane of the surface layer of the intermediate 

product 1 as prepared in above Example 1, the adhesive sheet 1 as 

prepared in Example 1 was adhered. Further, a 38 jam-thick 

polyethylene terephthalate sheet was adhered onto the specular 
25 reflective layer, using the same 40nnrthick acrylic tackifier as the one 

used for preparing the adhesive sheet 1 to provide a retroreflective 

sheeting 2 of the present invention. 

The retroreflective sheeting 2 was stuck on a 2 mm-thick 

acrylic resin plate for performance measurement so that it would 
30 retroreflect through the acrylic resin plate, and was used as the test 

piece 2 for the peeling test. 



35 



Example 3 

A retroreflective sheeting 3 was prepared by repeating 
Example 2 except that a norbornene resin (ZEONEX 480, tradename, 
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Zeon Corporation) was used as the resin constituting the destructive 
layer. So formed retroreflective sheeting 3 was stuck on a 2 
mm-thick aluminum plate for performance measurement, which was 
used as the test piece 3 for the peeling test. 

Example 4 

A retroreflective sheeting 4 was prepared by repeating 
Example 2 except that an alicyclic acrylic resin (OPTOREZ OZ1000, 
tradename, Hitachi Chemical Co., Ltd.) was used as the resin 
constituting the destructive layer. So formed retroreflective sheeting 
4 was stuck on a 2 mm-thick aluminum plate for performance 
measurement, which was used as the test piece 4 for the peeling test. 

Example 5 

A retroreflective sheeting 5 was prepared by repeating 
Example 1, except that the destructive layer was provided on the rear 
surface of the surface layer instead of providing it between the 
focus-adjusting layer and specular reflective layer. So formed 
retroreflective sheeting 5 was stuck on a 2 mm-thick aluminum plate 
for performance measurement, which was used as the test piece 5 for 
the peeling test. 

Example 6 

A retroreflective sheeting 6 was prepared by repeating 
Example 2, except that the destructive layer was provided on the rear 
surface of the surface layer instead of providing it between the 
focus-adjusting layer and specular reflective layer. The 
retroreflective sheeting 6 was stuck on a 2 mm-thick acrylic resin 
plate for performance measurement so that it would retroreflect 
through the acrylic resin plate, and was used as the test piece 6 for 
the peeling test. 

Example 7 

On an encapsulated lens-type retroreflective sheeting 
(NIKKALITE ULS F812, tradename, Nippon Carbide Industries Co., 
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Inc.), dots of each 5 mm in diameter were screen printed in grid 
pattern at regular intervals of 2 cm, using a mixed and stirred 15 wt% 
toluene solution of alicyclic polyolefin resin (ARTON D4532, 
tradename, JSR Kabushiki Kaisha). Drying the printed dots, a 
5 destructive layer of 2 \xm in average thickness was provided. 

Alphabets ABC of a size each 10 cm in vertical length were 
screen printed on the destructive layer, with a red ink (N-3515, 
tradename, Kabushiki Kaisha Tokushiki). 

Separately, an adhesive sheet 1 was prepared by applying onto 

10 a release paper (E2P-L-PE (P), tradename, LINTEC Corporation) a 
mixture formed by stirring together 80 wt parts of an acrylic tackifier 
(KP-1818, tradename, Nippon Carbide Industries Co., Inc.) with 20 wt 
parts of another acrylic tackifier (KP-1656, tradename, Nippon 
Carbide Industries Co., Inc.) and 0.76 wt part of a chelate-type 

15 crosslinking agent (CK-401, tradename, Nippon Carbide Industries 
Co., Inc.), and drying the same to provide an adhesive layer of 40 jam 
in thickness. 

The adhesive sheet 1 was stuck on the red ink-printed layer to 
provide a retroreflective sheeting 7 of the present invention. The 
20 retroreflective sheeting 7 was stuck on a 2 mm-thick acrylic resin 
plate for performance measurement so that it would retroreflect 
through the acrylic resin plate, and was used as the test piece 7 for 
the peeling test. 



25 Comparative Example 1 

A retroreflective sheeting cl was prepared by repeating 
Example 1, except that no destructive layer was provided. The 
retroreflective sheeting cl was stuck on a 2 mm-thick aluminum plate 
for performance measurement, which was used as the test piece cl for 

30 the peeling test. 

Comparative Example 2 

A retroreflective sheeting c2 was prepared by repeating 
Example 2, except that no destructive layer was provided. The 
35 retroreflective sheeting c2 was stuck on a 2 mm-thick acrylic resin 
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plate for performance measurement so that it would retroreflect 
through the acrylic resin plate, and was used as the test piece c2 for 
the peeling test. 

5 Comparative Example 3 

On the surface layer of a 38 |nm-thick transparent polyethylene 
terephthalate film (SEW-38, tradename, Teijin Limited), a trademark 
logo of 7 mm in diameter was gravure printed using a printing ink 
formed by agitation-mixing 100 parts by weight of vinyl chloride -vinyl 

10 acetate copolymer (VC MEDIUM S, tradename, Dainippon Ink And 
Chemicals Incorporated) with 6.5 parts by weight of a colorant formed 
by mixing said VC MEDIUM S with carbon black (VC SUMI, 
tradename, Dainippon Ink And Chemicals Incorporated), which was 
dried to provide a printed layer of about 1 jum in thickness. 

15 Successively a mixture of 100 parts by weight of an acrylic 

resin solution (RS-3100, tradename, Nippon Carbide Industries Co., 
Inc.) with 12 parts by weight of an isocyanate crosslinking agent 
(SUMIJULE N-75, tradename, Sumitomo Bayer Urethane Kabushiki 
Kaisha), which was formed by agitation, was applied onto the 

20 underside surface of the printer layer and dried to provide a 18 
jam-thick holding layer. On this holding layer micro-glass beads 
(U-052, tradename, Kabushiki Kaisha Union) having a refractive 
index of 2.20 and an average particle diameter of about 35 jam were 
embedded to a depth by about one-half of the micro-glass bead 

25 diameter. 

Then on the micro-glass bead-embedded surface, a resin 
solution formed by mixing and stirring 100 parts by weight of an 
acrylic resin solution (RS-5000, tradename, Nippon Carbide 
Industries Co., Inc.) with 5.5 parts by weight of a melamine 

30 crosslinking agent (MS11, tradename, Sanwa Chemical Kabushiki 
Kaisha) was applied, and dried to provide a focus-adjusting layer 
having an average thickness of 14 jam. 

Further on the focus-adjusting layer, a mixture of 100 parts by 
weight of an acrylic resin solution (RS-1000, tradename, Nippon 

35 Carbide Industries Co., Inc.) with 108 parts by weight of CAB 
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(tradename, Eastman Chemical Co.) solution (a butyl acetate solution 
containing 20% by weight of CAB in terms of solid) formed by 
agitation was applied, and dried to provide a destructive layer of 0.5 
\xm in average thickness. 
5 On the surface of this destructive layer aluminum of purity not 

lower than 99.99% was deposited by vacuum evaporation method to 
. provide a 0.1 pm-thick specular reflective layer, thus making an 
intermediate product c3. 

The adhesive sheet 1 as prepared in Example 1 and the 
10 vapor-deposited aluminum-covered surface of the intermediate 

product c3 were stuck together to provide a retroreflective sheeting c3. 
So formed retroreflective sheeting c3 was stuck on a 2 mm-thick 
aluminum plate for performance measurement, which was used as 
the test piece c3 for the peeling test. 
15 So formed retroreflective sheeting c3 was stuck on a 2 

mm-thick aluminum plate for performance measurement, which was 
used as the test piece c3 for the peeling test. 

The results of the performance test of those test pieces as 
obtained in above Examples and Comparative Examples were as 
20 given in Table 1. 

The peeling test of Example 7 caused blanks of each 5 mm in 
diameter spaced by 2 cm in the alphabetical letters ABC, allowing 
ready recognition that the peeling took place. 
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Industrial Applicability 

The invention relates to a retroreflective sheeting provided 
with a destructive layer, which is useful for signs such as traffic signs 
and construction signs; number plates on vehicles such as cars and 
motorcycles; safety materials such as clothing and life preservers! 
marking on signboards! various kinds of authentication stickers! 
reflector plates in visible light", laser light", or infrared light-reflection 
type sensors! and the like. 

It relates to retroreflective sheeting useful for various kinds of 
authentication stickers or the like, which, when it is peeled off from a 
substrate to which it was once adhered, in an attempt to reuse it for 
other purposes, is broken because a destructive layer is provided as a 
part thereof, to render its reuse impossible. The invention provides, 
furthermore, retroreflective sheeting provided with a destructive 
layer, which is useful for tampering-preventing stickers which are 
durable to prolonged use under high temperatures and can maintain 
stable tampering-preventing effect. 



